In the framework of tree approximation, the soft-pion theorems are shown to hold true even in a general case where 1 ± meson fields are contained in the chiral invariant Lagrangian, which is applicable to hard-pion processes. Thus, contrary to the results of Biswas et al. for Kl4 decays, we are led to almost the same results as those of the soft-pion technique when re-examining their calculations. § 1. Introduction
Recently, Dashen and W einstein 1 ) have shown that the soft-pion theorem is justified by an assumption that the real world satisfies an approximate chiral symmetry and, moreover, in the symmetry limit the pion behaves as a Goldstone boson. Starting only from the above assumption, they have also derived a phenomenological Lagrangian which, in the tree approximation, must give the same results as the full theory when calculating the leading order in pion momenta of any amplitudes. This Lagrangian is essentially the same as the one proposed by Weinberg and Schwinger et al., 2 ) and the characteristic feature of this Lagrangian is that o-mesons couple with other hadrons only through phenomenological currents built out of the external hadrons.
On the other hand, many authors 3 ) have studied low energy phenomena, including hard-pion processes, by means of various approximately chiral invariant Lagrangians which contain explicitly vector (1-) and axial-vector (1 +) · mesons and other hadrons. These are not contained in the framework of the effective Lagrangian derived by Dashen and W einstein.
)
In the course of their calculations, they have considered from the outset tree diagrams only, instead of taking account of the whole diagrams.
In this respect, there arises a non-trivial question as to whether we can again obtain the soft-pion theorems even when we take an arbitrary chiral invariant Lagrangian explicitly containing 1 ± mesons and calculate tree diagrams only. For the observation of Dashen and Weinstein is that, if the original Lagrangian is solved by calculating the whole diagrams, the results are equivalent in the leading order of pion momenta to those obtained from the phenomenological one in the tree approximation.
It has already been shown that, when we take an approximately chiral invariant Lagrangian containing 1 ± mesons as Yang-Mills fields and consider tree diagrams only, we get the same values for rc-rc 4 ) and rc-N 5 ) scattering lengths as those derived from soft-pion theorems. About the Kl4 decay processes, however, Biswas et al. 6 ) have made discussions along the same line of thought, and argued that they have obtained better results for the decay rate than those of the softpion calculations. Moreover, in the limit of exact symmetry, their results are quite different from those of W einberg.
But, this discrepancy will be shown to come from their mis-calculation and not to occur when we carefully perform calculations.
In To clarify the situation, we shall in the next section examme Kl4 decays, before entering the general proof of the above statement. Section 3 is devoted to the general proof of our statement and concluding remarks. § 2. Calculation of Kl4-decay form factors Recently, Biswas et al. 6 ) have evaluated Kz 4 -decay form factors using an approximately chiral invariant Lagrangian which includes 1 ± gauge fields with minimal interactions. Their conclusion is that they have obtained better results for the decay rates than those of soft-pion calculations, and that the modification is certainly due to the inclusion of possible vector and axial-vector meson dominance of the currents. However, by following their calculations, it will be found in this section that their arguments are not correct and we get almost the same results as those of W einberg.
We start with re-examining the following Lagrangian adopted by them:*) vector and axial-vector parts. However, for the sake of simplicity, we leave it unchanged. Performing the diagonalization of axial-vector and pseudoscalar fields and the renormalization for the pseudoscalar fields, 6 ) we obtain relevant strong vertices. Here we only write down the corrected term:
+ (terms with higher derivatives), (2) where a/ and (jj denote the physical axial-vector and pseudoscalar fields, respectively. Then their results for the form factors of the decay
should be modified as follows:
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where s=-(p+qY, t=-(k-p) 2 , u=-(k-q)ll and l 2 = (Pl+PvY· Now, if we take the limit of chiral SU(3) @SU(3) symmetry, that is, m7(, mx~O, we obtain at s=t=u=O (4) which are equivalent to the results of W einberg.
We make some further remarks. When use is made of the physical masses for a pion and a kaon, we obtain from Eq. (3) smaller values for form factors than those of Eq. (4). It must be probably due to the simple assumption that 1 ± mesons have minimal interactions only. Although it has been argued that the so-called hard-pion technique with the smoothness assumption also gives us reasonable fit to the Kwdecay rates, this argument is not always correct. Using the experimental value 0.6 for g:'-parameter of Kw-decay processes, Sarker 8 ) has obtained F 1 :::::::1.20. But if we calculate the g:' value by means of the hard-pion technique in order to get theoretical consistency, we have ,;:-::::::::0.05 as done in Ref. 9) . Using this value, we are led to almost the same decay rates as those obtained by W einberg.
Therefore it is concluded that, if we assume the constant form factors and evaluate them at s = t = u = 0, calculations based on the simple assumptions such as minimal interactions of 1 ± mesons or the smoothness assumption scarcely modify the results given by the soft-pion technique. Thus, in order to get reasonable values for the Ku-decay rates or form factors we may have to introduce some non-minimal interactions or others. § 3. Proof and conclusion
In this section, let us give the proof of the statement that within the framework of tree approximation and in the leading order of pion momenta, contributions of 1 ± mesons to amplitudes of soft-pion processes are mutually cancelled out and that we get the same results as those derived from soft-pion theorems, whenever we adopt chiral invariant Lagrangian including 1 ± mesons. In order to prove this statement, it is enough to show that, as far as soft-pion processes are concerned, any chiral invariant Lagrangians containg 1 ± mesons are effectively equivalent to the Lagrangian proposed by Schwinger et al., 2 ) within the above framework. In the following proof we shall confine ourselves to the system consisting of nucleons, pions and 1 ± mesons. We shall perform our proof through five steps. Proof.
1) First we point out the fact that the following redifinition of 1 ± fields:
v L->v L+ aM8 Jtf+
I.e.
(5)
(where a is an arbitrary parameter), leaves the S-matrix elements unchanged within the framework of the tree approximation. The proof of this fact is easily performed by means of a technique similar to that adopted in the Appendix of Ref. 10), although the above redifinition is not a point transformation. In the following discussion, we will take account of amplitudes in the leading order of pion momenta.
2) As is easily seen, the chiral invariant terms giving the vertices of the type v@ 2 n and a@
When we redefine 1 ± meson fields according to Eq. (5), the same forms as Eq. (6) come from mass terms of 1 ± mesons, and so we can eliminate the term such as Eq. (6) by choosing a suitable value for the free parameter a. Therefore, we need not consider contributions of 1 ± mesons to scattering amplitudes for 2mr where second order terms in pion momenta is a leading one. Through the redifinition of 1 ± meson fields as in Eq. (5), the coefficient of the term Tr(a"'M+a"'M) which contains the kinetic term of pion are changed, but this situation forces us only to renormalize pion fields (pion mass) and the coupling constant f. 
If any terms which contribute to s-wave scattering would appear through the redifinition (5) and be added to Eq. (7), there would exist discrepancies between our Lagrangian and the one proposed by Schwinger et al.
However, the relevant coupling term of vector mesons with nucleons which contributes to the leading order of nN s-wave scattering amplitude is FJLy~"vLNL+NRypvRNR, (9) and this term yields no new additional terms through the redifinition (5) through the redifinition (5). But this term has a coupling constant as a free parameter, and therefore we only need to renormalize the coupling constant.. As a result, considering that we can neglect such terms as Eq. (6), we need not take account of any contributions of 1 ± mesons to n-N scattering amplitudes as far as the leading order terms in pion momenta are concerned. 5) Here we make a comment on the case in which there exist other hadrons with a higher spin ( J > 1). The t-channel exchange of mesons such as tensor mesons, however, gives higher order effects in pion momenta, since interactions of these mesons with pions must involve necessarily many derivatives of pion fields in comparison with the case of 1 ± mesons. As for baryon resonances, we shall take the L1 33 as an example. Unless there exists a parity partner of the L1 33 , it is easy to see that we cannot write down the L1-N-n vertices in a chiralinvariant manner without any derivatives of pion fields. As the L1-propagator produces nonsingular effect in pion momenta, the L1 exchange in nN scattering has no effects on the leading term. It can be shown
11
) that this result holds good also for the case in which there exists a parity partner of the L1.
From the above discussion, we may conclude that the leading order amplitudes in the pion momenta of soft-pion processes have always the same values as those derived from the soft-pion technique, and are model-independent within the tree approximation, whenever we adopt any chiral invariant model-Lagrangians. How-ever, since the approximately chiral invariant effective Lagrangian theory together with the tree approximation may be a rather good frame of analyzing low energy phenomena, it may be meaningful to make phenomenological analysis of modeldependent subjects such as symmetry-breaking, momentum dependence and decay wid~hs in soft and hard pion processes, etc., and to search for an adequate model Lagrangian which is powerful in explaining the whole low energy phenomena.
